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GAMMA-RAY SPECTROSCOPY OF 191;193Bi
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Very neutron-de ient 191;193 Bi nu lei have been studied at the Department of Physi s, University of Jyväskylä, Finland (JYFL) employing the
Jurosphere II Ge-dete tor array oupled to the gas-lled re oil separator
RITU and dierent tagging te hniques. For the rst time in heavy oddmass nu lei, a olle tive band (oblate) is identied above the 2p1h (1/2+ )
proton intruder state in 191 Bi. In both 191;193 Bi, a band based on isomeri
13/2+ state has been observed and oblate deformation for this state has
been dedu ed.
PACS numbers: 23.20.Lv, 27.80.+w
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1. Introdu tion

Low lying proton intruder states are known in many oddthe

Z

= 82 shell

p h

truder 2 1
the

(1/2

+)

1).

209 Bi and

the mid-shell nu leus
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The ex itation energy of these states de reases with de reasing

neutron number and the redu tion
unique

nu lei near

states in odd-mass Bi isotopes are observed between

losed neutron shell nu leus

(Fig.
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losure and asso iated with oblate-deformed shapes. In-

ontinues even at the mid-shell. This is

ompared to other odd-mass nu lei (see, for example, Tl in Fig. 1),

where the ex itation energies of intruder states have a paraboli
as a fun tion of neutron number with a minimum

behaviour

lose to the mid-shell.

One possible explanation for this behaviour in Bi isotopes is that near the
mid-shell, instead, a prolate 1/2
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Fig. 1. Behaviour of the 13/2+ isomeri and the 1/2+ intruder state in Bi and
the 9/2 intruder state in Tl as a fun tion of neutron number with respe t to the
ground state.
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The reason for the sudden redu tion of ex itation energy of this state with
de reasing neutron number (see Fig. 1)
a tion of the
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2. Experimental methods

The heavy ion beams used in the present work were delivered by the
K130

y lotron and fusion evaporation residues were separated using the

gas-lled separator RITU [4℄. Prompt

-rays were observed with 27 Comp-

ton suppressed HPGe dete tors in the Jurosphere II array with absolute
photopeak e ien y of

1.7% at 1.3 MeV. At the fo

al plane, re oils were

implanted into a position sensitive sili on dete tor and
with ve Compton suppressed HPGe dete tors

-rays were dete ted

lose to the sili on dete tor.

A Multiwire Proportional Avalan he Counter (MWPAC) was installed upstream from the sili on dete tor to separate re oil- and

-parti le-like events

with overlapping energies.
In the Re oil-De ay Tagging (RDT) method, re oils of interest are identied by observing their

hara teristi

-de ay in the same sili on dete tor

pixel within a time window depending on the
rate.

Prompt

-rays in

-rays observed in

oin iden e with the

oin iden e with the re oil and delayed

-de ay are asso iated with the nu leus of

interest. If a prompt or a delayed
or isomer tagging

-de ay half-life and implant

-ray is known, method of re oil gating

an be used.

3. Results
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olle tive band was observed (Fig. 2(a)).

-ray line in the fo al plane spe trum was assigned to the isomeri

to 9/2

transition, for whi h a half-life of 533(7) ns was dedu ed.

Re oil gating was used to build the tentative level s heme feeding the isomer
(Fig. 2(b)).
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Fig. 2. (a) Prompt -rays tagged with the 191 Bi 1/2+ intruder state -de ay, the
level s heme as an inset. (b) Band built on the 13/2+ state in 191 Bi and ( ) in 193 Bi.
4. Dis ussion

191 Bi is
+
quite similar to the extrapolated oblate band based on the 0 intruder state
192 Po [6℄. This implies that indeed, also the 1/2+ intruder state in 191 Bi
in
+
is oblate deformed and that the predi ted rossing of two dierent 1/2
191 Bi.
states [3℄ has not yet taken pla e in
+ isomeri states in 191 193 Bi ontinue
The energies of the observed 13/2
The sequen e of levels in the band based on the 1/2

+

state in

;

the de reasing trend (Fig. 1). Strongly
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oupled bands identied above these

states indi ate oblate deformation. The reason for the redu tion of

ex itation energy

ould be better understood if information

state in still more neutron-de ient Bi isotopes

on erning this

ould be obtained.
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